TEXAS  CHRISTIAN  UNIV  FORT  FORTH  DEFT  OF  CHEMISTRY  F/«  7/3 

STUDIES  OF  SILICON-NITROOEN-RHOSRHORUS  COMPOUNDS  XNCLUOINO  A  NE— ETC(Ut 
AUO  61  R  H  NEILSON*  P  FISIAN-NEILSON  DAA629-S0«C-00AA 

AR0-16266»7-C  NL 


UNCLASSIFIED 


or  This  pace  D«r«  Ent»rmd) 


REPORT  DOCUMENTATION  PAGE 


IKKORE  COMPLETING  FORM 


RT  NUMBER 


2.  GOVT  accession  NO. 


/ID  ^  3 


Studies  of  S i 1 i c on-N i t r o gen - P ho spho r u s 
Compounds  Including  a  New  Synthesis  of 
Phosphazenes.  •  .. 


i  Type  oe  report  «  period  covered 
Final  Report 
(1/1/79  -  5/31/81) 


6  PERFORMING  ORC.  REPORT  NUMBER 


9.  PERFORMING  ORGANIZATION  NAME  AND  AOORE5S 

Texas  Christian  University 
Fort  Worth,  Texas  76129 


M.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.  S.  Amy  Research  Office 

Post  Office  Box  12211 

Research  Triangle  Park,  h'C  27709 


program  element,  project  TA>K 

AREA  6  WORK  UM4T  MUMBCRS 


IS  NUMBER  OF  PACES 

5 


>S.  security  class,  (oi  thia  raport) 

Unclassified 


DEC  L  ASSI  FI  CATION  /  DOWNGRADING 

schedule 


17.  OISTRI 


TAT€»fCXT  Ccrmi' 


•r«nf  from  Report) 


18.  supplementary  notes 

The  view,  opinions,  and/or  findings  contained  in  this  report  are  those  of  the 
author(s)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation. 

IS.  KEY  WORDS  (Contiriua  on  ravaraa  aidm  It  n#c»#»«ry  mnd  laontiiy  oy  oiock  numo»rJ 

poly(dialkylphosphazenes) 

N-silylphosphinimines 
s  i  1  y  1  am  i  n  o  p  h  o  s  p  h  i  n  e  s 
silicon-nitrogen-phosphorus 
phosphazenes 


2Ca  abstract  fCaotfwiw  «a  rmrormm  ff  rroKooomrj  aod  fdwnXtty  by  block  numba*) 

^ This  program  of  research  has  been  directed  toward  the  develop¬ 
ment  of  new  synthesis  of  polyphosphazenes  ,  particularly  those  with 
alkyl  and/or  aryl  substituents,  via  the  elimination  of  substituted 
silanes  from  N - s i ly 1 pho s ph in im in es .  The  synthesis  and  characteri¬ 
zation  of  both  the  new  polymers  and  their  precursors  has  been 
investigated. ^  „ 


FORM 
I  JAM  73 


1A73  EOtTTOM  OF  I  MOV  IS  OBSOLETE 

81  9  0^  0 


UNCLASSI 


V-fJ.  J 1^ 


iTv  ri  »r  AT low  nr  tu 


A 


STUDIES  OF  SILICON-NITROGEN-PHOSPHORUS  COMPOUNDS 
INCLUDING  A  NEW  SYNTHESIS  OF  PHOSPHAZENES 

Final  Report 
by 

Robert  H.  Neilson  and 
Patty  Wisian-Neil son 

August  11,  1981 

U.S.  ARMY  RESEARCH  OFFICE 

Grant  No.  DAAG29-79-G-0004 
Contract  No.  DAAG29-80-C-0044 

Texas  Christain  University 
Fort  Vv’orth,  Texas  7612  9 


APPROVED  FOR  PUBLIC  RELEASE,  DISTRIBUTION  UNLIMITED 


^-4 


Our  research  conducted  under  ARO  sponsorship  has  been  directed 


toward  the  development  of  a  new  synthesis  of  alkyl  and/or  aryl 
substituted  polyphosphazenes  from  Si-N-P  precursor  compounds.  This 
synthesis  is  based  on  the  premise  that  suitably  constructed  N- 
silylphosphinimines  can  be  made  to  eliminate  substituted  silanes  to 
form  phosphazenes  (see  Scheme  I) . 
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In  the  earlier  stages  of  this  program  our  studies  of  the 
chemistry  of  silylaminophosphines  were  continued.  The  availa¬ 
bility  of  the  phosphines  via  the  new  "one-pot"  synthesis  (eq  1) 
greatly  aided  these  studies,  particularly  the  oxidation  reactions 
(eq  2-4) . 
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(Me,si)  pNPMe^  +  R2C  =  0  - ^  Me3SiN  =  P - C-OSiMe3 


An  important,  common  feature  of  each  of  these  oxidation  re¬ 
actions  is  subsequent  cleavage  of  a  Si-N  bond  as  seen  in  the  mi¬ 
gration  of  Me^Si  from  nitrogen  to  oxygen  in  eq  2  and  4  and  in 
the  elimination  of  Me^SiBr  in  eq  3.  Of  particular  importance  is 
a  similar  Si-N  bond  cleavage  upon  thermolysis  of  the  P-bromo, 
N-silylphosphinimine  products  in  eq  3  to  form  exclusively  cyclic 
phosphazenes  (R2PN)^  (n=3,4,5)  (eq  5). 
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Since  no  evidence  for  polymer  formation  via  Me^SiBr  elimination 


was  observed,  the  effect  of  changing  the  leaving  group  from  Br  to 
NMe2 /  OMe,  and  OCH2CF2  was  studied.  The  N-silylphosphinimine  precur¬ 
sors  were  prepared  from  the  P-bromophosphinimines  (eq  6) .  Although 
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the  NMe2  and  OMe  derivatives  were  remarkably  thermally  stable,  the 
OCH2CF2  substituted  phosphinimine  readily  eliminated  Me3SiOCH2CF3 
to  give  quantitative  yields  of  poly (dimethylphosphazene)  (eq  7). 
Polymerization  occurs  on  heating  at  175  to  190^^0  in  a  sealed  glass 
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ampoule  or  in  a  stainless  bomb,  or  in  refluxing  benzene,  or  under 
neat  reflux.  The  phosphinimine  also  decomposes  slowly  on  standing 
at  room  temperature  for  extended  periods  of  time. 

The  process  was  extended  to  prepare  a  number  of  new  alkyl  and/ 
or  aryl  substituted  polymers  {eg  8).  in  general,  higher  temperatures 
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were  required  to  facilitate  polymer  formation.  Some  of  the  physical 
properties  that  have  been  determined  by  AMMRC  for  [Ph(Me)PN]j^  are 
Tg  =  37°C,  [11.]  =  0.396  dl/g,  M^^  =  53,900  ±  1700  g/mole.  Data  for 

[Ph(Et)PN]j^  have  not  been  received  and  no  data  is  available  for 
(Et2PN)^  due  to  its  insolubility.  Thermolysis  of  Ph^P (OCH2CF^ )= 
NSiMe^  at  225°  for  10  days  resulted  in  only  trace  amounts  of  polymer 
as  well  as  cyclic  trimer  and  tetramer  and  undecomposed  starting 
material . 

Copolymerization  of  mixtures  of  differently  substituted 
phosphinimines  was  also  investigated.  Heating  of  equimolar  amounts 
of  Ph (Et) P (OCH2CF2) =  NSiMe^  and  Et^P (OCH^CF^ ) =  NSiMe^  or 
Ph (Me) P {OCH2CF2) =  NSiMe3  and  Me2p (OCH2CF2) =  NSiMe3  proceeded 
smoothly  to  give  two  new  polymeric  materials.  Complete  characteri- 
cation  of  these  compounds  is  in  progress. 
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